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DESIGN  OF  SUBSTATION  AND  LIGHTING  SYSTEM 

FOR  THE 
TOWN  OF  TISKILWA. 

I. 

INTRODUCTION, 

The  town  of  Tiskilwa  is  situated  in  the  northwestern  part 
of  Illinois,  and  has  approximately  one  thousand  inhabitants. 

At  present,  Tiskilwa  is  lighted  by  means  of  gas,  the  gas 
being  a  mixture  of  water  gas  and  coal  gas.     The  lighting  is 
very  unsatisfactory  at  times  and  more  especially  during  the 
winter  months.     The  trouble  encountered  with  the  present  sys- 
tem is  that  water  collects  and  freezes  in  the  mains,  thus 
effecting  the  lighting  quite  seriously.     Due  to  the  inferior 
lighting,  many  business  houses  have  installed  either  private 
gas  works  or  private  power  plants.     The  advent  of  electric 
power  in  the  town  will  therefore  be  a  welcome  event. 


II.  2 
PRELIMINARY. 

The  above  town  now  pays  approximately  nine  hundred  and 
fifty  dollars  per  annum  for  street  lighting  alone.     There  ere 
at  present  thirty-nine  street  lights  in  operation.     These  lights 
are  of  the  Welsbach  type  and  give  very  good  illumination  when 
operating  normally  but  the  distribution  is  very  poor. 

With  the  system  outlined  on  the  succeeding  pages  it  will 
be  seen  that  the  present  thirty-nine  gas  lamps  will  be  replac- 
ed by  eighty- three  electric  lights.     This  system  will  give  a 
much  better  distribution  of  illumination  than  the  present  sys- 
tem. 

As  seen  on  a  following  page,  the  cost  of  operating  the 
eighty-three  electric  units  will  be  as  cheap  if  not  cheaper 
than  the  present  cost  of  operating  gas  lights.     The  cost  of 
maintenance  in  the  case  of  gas  lamps  is  very  much  more  per 
annum  than  the  suggested  electric  system. 

The  Spring  Valley  Gas  and  Power  Company  are  constructing 
a  transmission  line  from  Spring  Valley  westward.     This  line 
will  furnish  power  to  the  following  towns:  Bureau,  DePue, 
Tiskilwa,  Wyanet,  Buda,  Neponset  and  a  number  of  smaller  towns. 
The  power  will  be  supplied  by  the  Mc  Kinley  Syndicate  from  its 
hydro-electric  plant  situated  at  Marseilles,  Illinois.  The  line 
at  present  will  be  single  phase,  although  later,  when  the  load 
demands  it,  a  three  phase  system  will  be  installed.     The  vol- 
tage of  the  lines  will  be  13,200.     The  frequency  of  the  system 
will  be  sixty  cycles. 

The  transmission  line  will  be  run  on  the  section  line  about 
one  and  one  quarter  miles  north  of  the  town  of  Tiskilwa.  A 
line  from  this  point  will  be  run  into  the  Tiskilwa  substation. 


An  extensive  house  wiring  campaign  will  not  be  conducted 
for  the  present  by  the  power  company.     The  street  lighting  will 
receive  the  first  consideration.     Later,  the  business  houses 
will  be  wired  and  the  residence  lighting  accomplished  as  soon 
as  sufficient  load  is  available.      Therefore  the  writer  in  this 
work  has  dealt  principally  with  the  street  lighting  system  and 
the  substation  proper. 

The  distribution  system  for  the  residence  districts  has 
not  been  attempted  by  the  writer  because,  until  more  definite 
information  as  to  the  customers  is  known,  an  economic  distribu- 
tion system  cannot  be  developed  for  a  town  of  that  size. 

When  the  residence  distribution  system  has  been  definite- 
ly outlined,  the  lines  may  be  run  on  the  same  poles  with  the 
street  lighting  line,  since  the  poles  were  designed  with  this 
end  in  view. 


III. 

Street  Lighting  System 

The  streets  will  be  lighted  by  tungsten  lamps  operated  in 
series.     These  lamps  shall  have  a  rating  of  one  hundred  (100) 
candle-power    at  four  (4)  amperes.     The  location  of  the  above 
lights  will  be  as  indicated  on  Plate  I.     The  total  number  of 
lights  in  the  system  outlined  will  be  eighty- three  (83). 

According  to  the  latest  information  concerning  series 
tungsten  lamps,  it  is  found  that  the  power  consumed  per  candle 
power  is  one  watt.     Therefore  the  one  hundred  (100)  candle  pow- 
er units  specified  in  this  system  will  consume  one  hundred  (100) 
watts  each. 

The  size  of  line  wire  to  be  used  for  the  street  lighting 
circuit  will  be  number  eight  (8),  B  &  S  guage. 

The  total  length  of  wire  needed  for  this  circuit  is  thirty- 
two  thousand  five  hundred  feet  (32,500). 

Resistance  of  #8  B  &  S  guage  wire  is  .625  ohms  per  thousand 
feet.     Therefore  the  total  resistance  of  the  line  will  be  20.3 
ohms. 

Resistance  drop  in  line  will  be  81.2  volts. 

The  writer  has  deemed  it  advisable,  both  from  an  artistic 
standpoint  and  on  economic  principles,  to  use  iron  poles  in  the 
construction  of  the  street  lighting  system.     The  average  life 
of  a  wooden  pole  is  approximately  eight  years  while  the  life  of 
an  iron  pole  installed  according  to  the  following  specifications 
will,  with  an  occassional  application  of  paint,  last  a  lifetime. 
The  difference  in  the  intial  cost  of  the  two  kinds  of  poles  is 
very  little  and  in  the  course  of  a  few  years  it  is  to  be  expect- 
ed that  the  cost  of  wooden  poles  will  be  considerable  greater 
than  the  cost  of  equivalent  iron  poles. 


The  poles  on  the  street  lighting  circuit  shall  be  double 
section  iron  poles  whose  diameters  are  four  and  one  half  (4-§) 
inches  and  three  (3)  inches  respectively.     The  length  of  the 
poles  shall  be  twenty-five  feet. 

The  poles  and  fixtures  used  in  this  system  will  be  quite 
similar  to  those  used  in  the  present  installation  in  the  city 
of  Champaign,  Illinois.     Several  views  of  such  poles  and  equip- 
ment are  to  be  seen  on  PLATE  II* 

Each  pole  shall  be  set  in  a  concrete  base  to  the  depth  of 
four  C4)  feet.     This  base  shall  have  a  diameter  of  fifteen  (15) 
inches  and  it  shall  extend  four  (4)  inches  below  the  end  of  the 
pole.     The  upper  side  of  the  base  shall  be  flush  with  the  ground 

II 

line.     The  concrete  settings  for  the  outlined  system  will  require 
the  use  of  approximately  twenty-five  (25)  cubic  yards  of  con- 
crete. 

The  lamps  shall  be  equipped  with  clouded  shades,  cylindri- 
cal in  shape.     These  shades  shall  be  eight  (8)  inches  in  diam  - 
eter  and  twelve  inches  (12}  in  length.     The  arrangement  of  the 
reflectors  and  shades  may  be  seen  on  PLATE  II. 

The  street  lights  shall  be  placed  two  feet  from  the  out- 
side edge  of  the  sidewalks. 

As  seen  on  PLATE  I,  the  street  lights  in  the  business  sec- 
tion are  all  placed  on  one  side  of  the  street.     The  town  is 
peculiar  in  that  all  of  the  business  houses,  with  but  two  excep- 
tions  are  on  one  side  of  the  street.     The  lights  being  placed 
on  the  opposite  side  of  the  street  from  the  business  houses 
will  make  the  lighting  more  useful  in  that,     the  show  windows 
will  furnish  illumination  on  the  other  side.     Later,  ornamental 
clusters  will  very  likely  be  placed    in  front    of  the 
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various  business  houses  by  the  property  owners.     In  the  course 
of  time,  cluster  lights  will  undoubtedly  replace  the  pole  lights 
on  the  other  side  of  the  street.    All  cluster  lights  will  very 
likely  be  placed  on  the  multiple  circuits.     This  avoids  the  use 
of  high  tension  circuits  in  the  iron  standards  and  it  also  per- 
mits the  installation  of  a  few  standards  at  a  time  as  will  be 
the  case  in  this  instance. 

Lighting  Schedule, 
There  are  many  lighting  schedules  in  operation  at  the  pres- 
ent time.     The  two  principal  ones  are  the  "all  night  and  every 
night        or  four  thousand  (4,000)  hours  per  year  schedule,  and 
the  twenty-five  hundred  (2,500)  hour  per  year  schedule.  The 
former  schedule  is  generally  used  in  cities  of  considerable 
size.     The  latter  schedule  is  used  in  suburban  districts.  The 
twenty-five  hundred  (2,500)  hour  schedule  is  supposed  to  approxi- 
mate moonlight  every  night  in  the  year.     In  a  small  place  as  the 
one  in  question,  it  is  not  necessary  that  the  lights  be  operat- 
ed after  midnight,  and  as  a  matter  of  fact  under  the  present 
regime  the  lights  are  seldom  in  operation  after  eleven  thirty 
P.  M. 

The  writer  has  therefore  recommended  the  adoption  of  an 
approximate  two  thousand  (2,000)  hour  schedule.     This  will  make 
a  fair  allowance  for  lighting  on  cloudy  nights  during  moon- 
light periods  when  ordinarily  the  lights  would  not  be  operated. 


Cost  of  Street  Lighting  System. 
The  following  costs  were  obtained  by  comparing  practically 
all  the  quotations  the  writer  could  find.     It  may  "be  assumed 
that  some  of  the  costs  are  high. 


MATERIAL 


Quantity 


100 

83 
83 
28 
28 

100 
32,500' 


Material 


Unit  Cost 


double  section  iron 

poles,  25'  long,  diam 
4-jfand  3« 

reflectors  &  shades 

suspension  brackets 

two  pin  wooden  cross  arms 

iron  ring  clamps  (to 
secure   cross  arms) 

insulators  (for  2200 

volts ) 
#  8  B  &  S  wire  (3/64  " 

insulation 


1.50 
.50 
.25 
.35 


Total  Cost 


6.30  $  630.00 


124.50 
41.50 
7.00 
9.80 


3.70 

19.00  a  M\  617.50 
§  1434.00 


LABOR 

The  writer  has  estimated  that  four  (4)  men  working  nine 
(9)  hours  a  day  can  string  six  thousand  (6,000)  feet  of  line 
a  day.     Therefore  the  time  required  to  string  the  entire  line 
will  be  approximately  five  and  one-half  (5|)  days.    The  daily 
wage  for  three  of  these  men  will  be  three  dollars  ($3.00)  and 
the  fourth  man  will  receive  three  dollars  ($3.50)  a  day  as 
foreman  of  the  men. 

It  is  estimated  that  two  men  will  attach  twenty  (20)  fix- 
tures including  (suspension  brackets,  lamps,  globe  and  reflec- 
tors )  a  day.     Therefore  the  time  required  to  equip  the  entire 
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system  will  be  approximately  four  and  one-half  (4|)  days.  The 
daily  wage  of  these  men  will  very  likely  be  about  three  dollars 
($3.00)  a  day.     The  estimated  cost  for  placing  the  poles  in 
their  concrete  settings  will  be  about  one  dollar  and  ten  cents 
($1,10)  per  pole. 

LABOR 


cost 


Quantity  Labor  unit  total 


ICO                       placing  poles  in             $1.10           $  110.00 

concrete  setting 

83                      equiping  poles  with               .35  29.05 

fixtures 

32,500  ft                  stringing  line  63.75 

Man  and  team  for  distributing  materials      10  days 

G  |5  a  day  50.00 

$  252.80 


3! 


IV.  9. 
SUBSTATION  APPARATUS 

It  is  estimated  that  when  the  residence  lighting  has  been 
well  developed,  there  will  be  a  connected  load  of  forty  (40) 
kilo-watts.    The  load  factor  used  in  this  case  is  one -half, 
therefore  the  substation  shall  be  equipped  with  a  twenty  kilo- 
watt transformer.     This  transformer  shall  be  of  the  self  oil 
cooling  type.     The  ratio  of  transformation  shall  be  six  to  one. 
The  primary  voltage  will  be  thirteen  thousand  two  hundred 
(13,200)  volts,  and  the  secondary  voltage  shall  be  twenty-two 
hundred  (2,200)  volts. 

The  incoming  lines  will  enter  the  building  as  indicated 
on  PLATE  III.     The  above  lines  shall  be  equipped  with  multigap 
lightning  arresters  as  indicated  on  PLATE  III.    These  arresters 
shall  be  of  the  proper  rating,  i.e.   (13,200  volts). 

The  commercial  circuit  shall  be  equipped  with  multigap 
arresters  rated  at  twenty-two  hundred  (2,200)  volts. 

The  series  street  lighting  circuit  shall  be  equipped  with 
horn  lightning  arresters.  A  detail  sketch  of  such  an  arrester 
is  to  be  seen  on  PLATE  V. 

The  lightning  arresters  for  this  station  shall  be  grounded 
as  follows:     three  one  inch  iron  pipes  shall  be  equally  spaced 
around  each  outside  wall,  three  extra  pipes  shall  be  spaced 
six  feet  apart  at  a  point  nearest  the  arresters.    All  of  the 
above  pipes    shall  be  connected  with  strip  copper  or  wire. 

Choke  coils  shall  be  placed  in  the  circuit  as  indicated 
in  drawings.     There  is  quite  a  diversity  of  opinion  concerning 
the  design  of  choke  coils  for  use  with  lightning  arresters. 
Very  large  choke  coils  are  recommended  by  some  engineers  but 
such  large  coils  cost  considerable,  although  they  serve  to 
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choke  back  high  frequency  currents  much  better  than  small  coils 
of  lower  inductance.     In  many  cases  large  choke  coils  are  a 
menace  to  the  insulation  unless  lightning  arresters  are  install- 
ed on  both  sides  of  the  coils.     The  end  turns  of  a  transformer 
perform  part  of  the  duty  of  a  choke  coil  and  most  modern  power 
transformers  have  extra  insulation  on  the  end  turns. 

The  principal  use  of  such  choke  coils  are:   (1)  To  retard 
the  lightning  disturbance  until  the  arrester  has  time  to  dis- 
charge to  the  earth,  (2)     To  reduce  the  frequency  of  the  oscil- 
lation so  that  the  charge  which  goes  through  the  choke  coil  will 
be  of  a  frequency  low  enough  so  as  to  not  cause  a  great  drop 
in  potential  across  the  end  turns  of  the  transformer.     That  is, 
a  choke  coil  smoothes  out  the  wave  front  of  the  surge. 

The  hour  glass  type  of  choke  coil  shall  be  used  in  this 
installation.     This  type  of  choke  coil  has  the  following  advant- 
ages:  (1)     The  coils  are  strong  mechanically  and  any  sagging  is 
prevented  by  tapering  the  coil  toward  the  center;   (2)     If  there 
is  any  arcing  between  turns,  the  coils  will  re-insulate  them- 
selves; and  (3)  The  insulating  supports  can  be  designed  to  with- 
stand the  strains. 

A  cut  out  switch  shall  be  placed  in  each  incoming  line. 
A  detail  of  these  switches  will  be  seen  on  PLATE  V.     There  shall 
be  no  oil  switch  on  the  high  tension  side  of  the  transformer 
and  so  it  is  assumed  that  the  disconnecting  switches  mentioned 
above  will  not  be  operated  unless  there  is  no  load  on  the 
s  tat ion. 

The  secondary  leads  of  the  transformer  shall  be  taken  to  the 
switchboard  as  indicated  on  PLATES  III  &  IV.     The  street  light- 
ing circuit  and  the  commercial  mains  shall  be  operated  at  twenty- 


two  hundred  (2,200)  volts.     The  street  lighting  circuit  shall 
not  be  equipped  with  an  oil  switch  but  instead,  a  long  double 
pole  knife  switch  shall  be  installed.     It  was  deemed  unnecessary 
by  the  writer  to  use  an    oil  switch  in  this  circuit  for  the  fol- 
lowing reasons:     The  heat  developed  by  an  arc  is  I    R,  and  since 
the  current  is  this  case  will  be  four  amperes,  the  flash  will 
not  be  very  intense.     The  length  or  duration  of  a  flash  is  de- 
pendent on  the  voltage  and  since  the  voltage  in  this  instance 
will  be  twenty- two  hundred  (2,200)  volts,  the  flash  will  be  of 
considerable  length  perhaps.     The  injury  to  the  blades  of  the 
switch  will,  however,  not  be  serious  if  the  switch  is  operated 
properly. 

An  oil  switch  shall  be  inserted  in  the  conmercial  circuit. 
This  switch  shall  be  equipped  with  an  over-load  release  so  that 
a  circuit  breaker  will  not  be  necessary.     The  rating  of  this 
switch  shall  be  twenty-two  hundred  (2,200)  volts  and  fifteen  (15) 
amperes . 

The  entire  load  on  the  transmission  line  will  be  a  light- 
ing load  so  there  will  be  no  rapid  fluctuations  in  the  voltage. 
The  writer  has  therefore  on  the  ground  of  economy  decided  not 
to  install  a  voltage  regulator  in  the  original  installation. 
Later,  if  the  arrangement  proves  unsatisfactory  and  the  con- 
sumers complain,  a  voltage  regulator  can  be  installed  at  very 
little  cost  and  inconvenience. 

The  writer  has  also  deemed  it  unnecessary  to  install  a  cur- 
rent regulator  for  the  series  street  lighting  circuit.  In 
place  of  a  regulator,  however,  a  set  of  five  lamps  of  the  same 
rating  as  the  street  lights  shall  be  placed  in  the  series  cir- 
cuit on  the  switch-board.     These  lights  will  ordinarily  be  short 
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Horn  type    lightning  arrester 
for   series  street  iightihg 
circuit. 
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circuited.     Should  a  street  lamp  cease  to  operate,  the  attend- 
ant will  become  aware  of  the  fact  by  the  shifting  of  the  ammet- 
er reading  in  that  circuit.     He  will  then  place  a  sufficient 
number  of  lamps  in  operation  on  the  switch-board,  to  bring  the 
current  back  to  the  desired  reading.     This  adjustment  will  not 
be  necessary  very  often  as  the  average  life  of  a  lamp  is  thir- 
teen hundred  and  fifty  (1,350)  hours,  and  the  danger  of  break- 
age is  not  of    any  magnitude  in  a  small  community  as  the  one  in 
question.     The  attendant  will  need  to  watch  this  series  circuit 
quite  carefully  as  the  cutting  out  of  a  few  lamps  will  increase 
the  current  to  such  extent  that  the  lives  of  the  lamps  will  be 
materially  effected. 

Switch-board. 

An  elevation  of  the  switch-board  is  to  be  seen  on  PLATE  VI. 
It  must  be  equipped  with  an  ammeter  in  the  series  circuit,  whose 
rating  shall  be  0  -  5  amperes.    An  ammeter  is  also  to  be  insert- 
ed in  the  commercial  circuit.     The  rating  of  the  latter  ammeter 
shall  be  0  -  15  amperes.     A  voltmeter  is  to  be  connected  across 
the  commercial  mains  by  means  of  a  potential  transformer  of  a 
ratio  of  10  -  1.     The  rating  of  the  voltmeter  shall  be  0  -  250 
volts.     The  station  load  shall  be  metered  by  means  of  an  induc- 
tion type  watt  hour  meter,  whose  rating  shall  be  220  volts  and 
20  amperes.     The  group  of  five  lamps  mentioned  previously  for 
controlling  the  series  lighting  circuit  shall  be  mounted  on  the 
board  as  indicated  in  the  drawing. 

The  oil  switch  and  large  double  pole  knife  switch  shall  be 
mounted  on  the  board  as  seen  on  PLATE  VI. 

The  dimeasions  of  the  switch-board  shall  be  6-|  feet  by 
2  feet. 
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Cost  of  Apparatus. 


Cost 


Quantity.  Apparatus.  Unit  Total 


1  20  K.W.  Transformer.  $  125.00        $  125.00 

1  Oil  switch  (2200  v  -15  amp)  27.00  27.00 


2 

Horn  type  lightning 

arresters  (2200  v) 

8.00 

16.00 

2 

Multigap  lightning 

arresters  (13,200  v; 

13.00 

26.00 

2 

Multigap  lightning 

arresters  (2200  v  ) 

9.50 

19.00 

1 

Switch-board,  equipped  with 
instruments  &  potential 
transformer 

158.00 

158.00 

2 

Cut-out  switches   (13,200  v) 

3.50 

7.00 

4 

Insulators     (13,200  v) 

.60 

2.40 

2 

Choke  coils     (13,200  v) 

8.00 

16.00 

2 

Choke  coils     (2200  v) 

5.40 

11.80 

Grounding  lightning  arresters 

8.00 

8.00 

1 

Watt  hour  meter 

29,00 

29.00 
$  454.20 

It  is  estimated  that  the  cost  of  installing  the  apparatus 
in  the  station  will  be  approximately  $  135.00. 


SUBSTATION  BUILDING. 

As  seen  on  PLATE  I,  the  substation  will  be  situated  at 
practically  the  center  of  distribution,  thus  making  the  line 
loss  a  minimum. 

The  plan,  cross-section  and  elevations  of  the  substation 
are  shown  on  PLATES  III,  IV,  VII,  &  VIII.     From  the  plan,  the 
store  room  appears  out  of  proportion,  but  when  the  actual  di- 
mensions are  considered,  the  room  is  not  large.     The  plan  was 
laid  out  this  way  to  accomodate  any  expansion  which  will  come 
in  the  course  of  a  few  years.    When  the  residence  lighting  sys- 
tem has  been  fully  developed,  at  least  one  more  transformer  will 
be  needed.     It  is  the  writer's  intention  to  place  this  trans- 
former and  equipment  in  line  with  the  present  one,  and  toward 
the  rear  of  the  building.     The  store  room  will  also  have  to 
accomodate  all  of  the  maintenance  supplies  and  materials. 

Building  Specifications. 

The  building  shall  be  26  feet  by  22  feet,  and  the  height 
above  the  floor  shall  be  16  feet,  six  inches. 

The  structure  shall  be  made  of  common  building  brick  us- 
ing hard  burned  brick  for  facing. 

The  walls  shall  be  eight  inches  in  thickness. 

The  foundation  shall  extend  three  feet  below  the  floor 
line  as  indicated  on  PLATE  III. 

The  floor  shall  be  four  inches  of  concrete,  laid  over  a 
three  inch  cinder  bed. 

The  transformer  base  shall  be  of  concrete,  and  shall  be 
ten  inches  thick. 


The  roof  trusses  shall  be  of  light  steel  angle  members. 
They  are  of  such  small  dimensions  that  they  will  probably  be 
assembled  at  the  mills,  thus  cheapening  the  cost  of  erection. 

The  roof  shall  be  laid  on  wooden  rafters  which  are  to  be 
supported  by  wooden  purlins.     Slate  shall  then  be  laid  on  7/8 
inch  sheathing  with  a  suitable  roofing  paper  between. 

The  cornice  shall  be  made  entirely  of  brick  and  capped 
with  tile. 

The  ridge  and  gutters  shall  be  made  of  galvanized  iron. 
All  gutters  sloping  toward  the  rear,  and  down  spouts  to  be 
taken  off  toward  the  rear  of  the  building. 

All  windows  are  to  have  stone  sills,  and  a  segmental  arch 
of  brick  on  end.     The  windows  are  to  be  four  feet  wide  and 
pivoted  on  centre. 

All  exterior  door  sills  shall  be  made  of  stone.     The  office 
door  shall  be  o    ordinary  construction,  having  a  glass  panel. 
The  store  room  door  on  the  side  is  to  be  a  built  up  door  making 
a  total  opening  of  6  feet.     All  interior  doors  shall  be  of 
cheap  wooden  construction,  and  shall  be  2  feet,  six  inches 
wide. 

The  partitions  shall  be  constructed  of  matched  wainscoting 
and  shall  be  10  feet  high. 

The  estimated  cost  of  the  building  is  $  1500.00  and  that 
of  the  lot  upon  which  it  is  to  be  erected,  J  700.00. 


VI. 

DISCUSSION  OF  FINANCES. 

Unless  otherwise  arranged,  the  Town  of  Tiskilwa  will  in- 
stall the  street  lighting  system.     It  has  been  assumed  that  the 
rate  of  interest  which  the  town  will  have  to  pay  on  borrowed 
money  will  be  6$. 

The  total  outlay  of  money  for  the  street  lighting  system, 
including  material  and  labor  will  be  $  1686.80  as  seen  on  pages 
7  and  8.       The  annual  interest  on  the  investment  will  be  $101.20. 

The  depreciation  on  the  poles  will  be  very  little  when 
installed  as  previously  specified.     The  per  cent  of  depreciation 
on  the  line  itself  will  not  be  of  any  magnitude  as  the  junk  val- 
ue of  the  line  is  high  for  its  copper.       The  suspensions  and 
reflectors  will  depreciate  somewhat,  but  taken  collectively,  a 
depreciation  of  5  %  on  the  entire  system  would  be  very  conser- 
vative estimate  in  the  writer's  opinion. 

The  annual  depreciation  on  the  street  lighting  system  will 
therefore  be,  assuming  bf,  depreciation,  $  71.70. 

The  annual  depreciation  and  interest  on  the  street  lighting 
system  will  be  $172.90. 

A  rate  of  bf  per  kilo-watt  hour  for  street  lighting  power 
seems  to  be  a  fair  estimate  for  such  service.     Therefore  the 
annual  cost  of  operating  the  entire  street  lighting  system  on 
the  2000  hour  schedule  at  5  fa  K.W.  hour  will  b#  $830.00. 

As  stated  previously,  the  annual  cost  for  street  lighting 
in  the  town  at  present  with  the  gas  system  is  approximately 
$  950.00.     Therefore  the  annual  saving  in  the  cost  of  operating 
the  street  lights  will  be  the  difference  between  $950  and  830, 
or  $120.00.  


As  stated  above  the  annual  depreciation  and  interest  charges 
on  the  street  lighting  system  as  outlined  in  this  work  will  be 
$  172.90.      That  is,  at  5  /  a  kilo-watt  hour,  the  system  out- 
lined in  this  work  with  its  83,  166  candle  power  lamps  will 
cost  but  $52.90  more  per  year  than  the  present  gas  system  with 
its  39  gas  lamps.     This  is  assuming  also  that  the  town  installs 
the  system. 

As  seen  on  page  14,  the  cost  of  apparatus  for  the  substa- 
tion will  be  |  454.20.    Assuming  interest  at  6%,  and  a  depreci- 
ation of  7fo,  the  annual  interest  and  depreciation  cost  on  the 
apparatus  will  be  $  59.04, 

The  cost  of  installing  the  apparatus  will  be  as  stated  on 
page  14,  approximately  $  135.00.     Therefore  the  interest  on  this 
labor  cost  at       will  be  J  8.10  per  annum. 

The  cost  of  the  substation  building  will  be  as  stated  pre- 
viously about  %  1500.00  and  the  cost  of  the  land  will  be  approx- 
imately *700.00.     The  depreciation  on  the  building  will  be  very 
little  as  it  is  to  be  built  very  substantially  as  indicated  by 
specifications  and  drawings.    Assuming  a  depreciation  of  4.%  on 
the  building  and  interest  at  6%,  the  annual  interest  and  depreci- 
ation charges  on  the  building  will  be  $  150.00. 

The  annual  interest  on  the  land  will  be  $  42.00. 

There  will  be  no  taxes  on  the  street  lighting  system 
since  the  writer  has  assumed  that  the  town  is  going  to  install 
the  same.     Therefore  the  value  of  the  total  taxable  property 
will  be  }  2654.20.     Assuming  a  2%  tax  on  the  total  sum  the 
annual  tax  will  be  J  53.08.     This  value  is  somewhat  high  since 
the  full  value  of  property  is  seldom  taxed. 


18. 

The  annual  insurance  premium  on  the  substation  and  apparat- 
us will  be  approximately  $  20.00* 

The  total  annual  fixed  cost  on  the  substation  and  equipment 
will  be  |  332.22. 

The  average  life  of  a  lamp  is  1350  hours , therefore  for  the 
system  as  outlined  the  total  number  of  renewals  per  year  with 
the  2000  hour  lighting  schedule,  will  be  approximately  56.  The 
cost  per  lamp  is  about  f  1.10,  therefore  the  annual  cost  of  re- 
newals will  be  approximately  $  61.60  or  $  .745  per  lamp. 

An  annual  repair  charge  of  about  5  ^  per  lamp  should  also 
be  considered  in  the  operation  and  maintenance  of  the  system. 

Therefore  the  annual  maintenance  charges  will  be  $.795 
per  lamp  or  $  65.98  for  the  entire  system. 

One  man  should  be  able  to  handle  the  affairs  of  the  comp- 
any and  operate  the  substation  in  the  town  in  question.  This 
man  would  likely  receive  about  $  65.00  per  month  as  compensa- 
tion for  his  services.     Therefore  the  annual  operating  cost  of 
the  substation  will  be  approximately  $  780.00. 

The  annual  expense  including,  fixed  charges,  operation 
and  maintenance  expense,  will  be  $  1178.20,  or  practically 
speaking,  $  1200.00. 


19. 


VII. 

CONCLUSION. 

It  is  estimated  that  the  total  amount  of  power,  exclusive 
of  street  lighting  power,  which  will  be  sold  during  the  first 
year  after  the  installation  of  the  system  will  be  approximately 
5000  kilo-watt  hours. 

As  stated  previously,  the  annual  cost  for  operating  the 
street  lighting  system  will  be  $830.00  at  $.05  per  kilo-watt 
hour. 

Assuming  a  rate  of  $.15  per  kilo-watt  hour  for  commercial 
and  residence  lighting,  the  total  annual  receipts  for  the 
first  year  of  operation  will  be  $1550.00. 

The  writer  has  assumed  that  the  power  will  cost  the  company 
$.02  per  kilo-watt  hour.     The  total  cost  for  the  first  year  of 
operation,  including  power,  maintenance,  and  fixed  costs,  will 
be  approximately  $1632.00. 

Therefore  this  plant  will  incur  a  loss  of  $82.00  during 
the  first  year  of  operation.     In  the  course  of  a  year  or  two, 
the  residence  lighting  system  will  undoubtedly  be  well  devel- 
oped, thus  making  it  possible  for  the  plant  to  be  operated 
with  a  net  profit. 


Finis. 


